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1. INTRODUCTION 


Many centuries past man began to speculate about the 
shape of the earth when he first became aware that it was 
not a flat surface with terrain superimposed upon it. 

About 582 BC the first good notion of the shape of 
things came from Pythagorus, who expounded the idea of a 
spherical earth and universe - an idea concurred in by 
Aristotle some two-hundred years later. The key to a reason- 
able idea of the shape of the earth was undoubtedly the 
realization of a certain orderly relative motion between the 
earth and the celestial bodies. Thus we can say that a know- 
ledge of astronomy has been of prime importance to geodetic 
science since its inception. 

About 200 BC, Eratosthenes brought these ideas under 
scientific investigation by attempting to measure the size 
of the earth. Inasmuch as Geodesy is defined as the branch 
of applied mathematics concerned with measuring or determin- 
ing the shape of the earth, Eratosthenes is known as "The 
Father of Geodesy." Although his measurements were crudely 
made, using the average speed of a camel caravan over a 
period of days to measure distance over the ground, and the 
angle of the sun at noon to measure the astronomic latitude, 
his determination of the length of a meridian circle was 


only 15% too large. 
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From the time of Eratosthenes to that of Newton, some 
1800 years later, Geodesy was primarily concerned with more 
accurate measurement of the earth on the assumption that it 
Was a sphere. Newton! studies of tho earth and ihe universe 
led to an indication that the earth's general shape was that 
of an ellipsoid. 

Between 1735 and 174i, the French Academy of Science 
sent parties to Peru and Lapland to measure a l° arc on the 
ground, with the results indicating that the more northerly 
arc was of greater length; on the basis of these investiga- 
tions, the earth was determined to be an ellipsoid of revo- 
lution about its minor axis, with a value of flattening of 
ΘΟ, 3. 

At the Madrid convention of the I.U.G.G. in 192, world 
geodesists and geophysicists adopted the ellipsoid of revo- 
lution determined by Hayford in 1910 as a standard. This 
ellipsoid is defined as having a semi-major axis of 
6,378,388 meters and a value of flattening of 1:297.03 al- 
though this remains the internationally accepted standard, 
more recent determinations indicate that a value of flatten- 
ing of 1:290.3 is better. Still more recent investigations 
have led some geodesists to present the theory that the earth 
is a triaxial ellipsoid. The third axis being in the equator 
plane about 200 meters longer or shorter than the semi-major 
axis, which would correspond to a flattening of about 


1:31891.9h. If we picture the earth as a ball twenty-five 





3 
feet in radius, the international ellipsoid would have a polar 
radius (semi-minor axis) of 21.916 feet. Now if we determine 
the third axis, the corresponding value on our ball would be 
a radius of 21.9992 feet. For practical purposes, therefore, 
We consider an ellipsoid of revclution to be the closest 
mathematical expression for the shape of the earth. 

While the adopticn of a stendard ellipsoid (also called 
an oblate spheroid, or more simply a spheroid) is of tremen- 
dous value, there is no simple, direct method of reducing 
surface surveys to this reference surface. To overcome this 
difficulty, surface surveys can be reduced to mean sea level 
by including level observations to determine departures from 
mean sea level. 

The surface defined as mean sea level is termed the 
geoid, which departs from the spheroid as much as several 
hundred feet in elevation and up to one minute (arc) in in- 
clination. In order to reduce our observations from mean 
sea level to the reference spheroid, therefore, we must be 
able to determine the deviation between the geoid and the 
spheroid in both elevation (undulation of the geotd) and 
inclination (deflection of the vertical). 

The general procedure here is to establish a geodetic 
datum based on an arbitrary separation (N) between the 
spheroid and the geoid at an origin point. (Refer to 
Figure 1) 
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Then the elevation (h) of that point above mean sea level 
eguna by leveling) is readily converted to a height above 
the spheroid, and the geodetic latitude and longitude of this 
origin point is assumed to be correct. Astronomical latitude 
and longitude are next determined by star observations and 
the deflection of the vertical (from the normal to the 
spheroid) is computed. By thus selecting the height of the 
origin point above the spheroid and the deflection of the 
vertical, the center of the spheroid is defined. 

Running survey nets from this origin point we may now 
readily convert ground coordinates to geodetic coordinates 
if we assume that the separation of the geoid and spheroid 
is everywhere the same. In actuality the separation is not 
everywhere the same, but any change in this separation may 
be deduced from a change in deflection of the vertical. It 
is necessary, therefore, to make periodic determinations of 
this deflection of the vertical as we proceed from our origin 
point in order to define the shape of the geoid. 

Such a datum has been established in the United States 








5 
at Meadets Ranch, and in Europe at Potsdam, and the geodetic 
coordinates of points in North America and Europe are thus 
defined, respectively, on non-coincidental spheroids. This 
presents difficulties in correlating the relative positions 
of inter-continental points in the absence of intercontinent- 


al geodetic ties. (Refer to Figure 2) 
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With the rapid advance of technology making available 
long range electronic distance measuring devices, artifical 
earth satellites, and high speed data processing machines, 
together with a public awareness of the necessity for more 
precise knowledge of the shape of the earth and commensurate 
financial support, a solution to this problem may be forth- 
coming in the near future. 

The scope of this thesis, however, is limited to a dis- 
cussion of the determination of deflection of the vertical 


by comparison of geodetic and astronomic coordinates at a 


6 
point, and is best understood by discussion of the specific 


problem in the following chapters. 





ASTRONOMIC DETERMINATTONS 


For practical purposes, we asenme that al} the stars in 
the sky are sitnated on a sphere of infinite radius whose 
center coincides with the center of the earth. The position 
of stars on this sphere is defined by a coordinate system 
whereby the north celestial pole lies on the rotation axis 
(extended) of the earth, directly above the earth's north 
pole and in the vicinity of the Nerth Star (Polaris); the 
celestial equator is defined by the intersection of a plane 
through the earthts equator with the celestial sphere. 
Celestial parallels are then defined by angular displacement 
along great circles from their intersection with the celes- 
tial equator ( 0° ) Northward (+) and Southward (-) toward 
the celestial poles (+ 909) : this cordinate is termed 
"DECLINATION" and is eo Teas Bs os 

The second coordinate required to fix the position of 
a star on the celestial sphere corresponds to longitude on 
the earth and defines the angular displacement (Eastward) 
of the great circle through the star and the poles from a 
selected great circle (0°) through the peles and the First 
Point of Aries (S). Y is defined as the position occupied 
by the sum at the vernal eaninox. snd represents the inter- 


section point of the ecliptie plane with the equator plane 
i 





8 
on the celestial sphere (occuring about March 21 each year). 


(Refer to Figure 3) 
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FIGURE 3. 

The second coordinate, termed "RIGHT ASCENSION", is 
symbolized by RA or c; RA is usually measured in hours 
rather than in degrees, zero hour (sideral time) occurring 
at any point on earth at the instant the zenith point inter- 
sects the hour circle of ο Since the RA of any star rep- 
resents its number of hours departure from Y, the local 
sidereal time at any point thus may be determined by noting 
the instant the hour circle of a star intersects the zenith 
point; more simply stated, by noting the exact instant the 
star transits the meridian of the observing point. By re- 
ferring to a catalogue for the RA of the observed star, then, 
we have the local sideresl time in hours; if we also know the 
Greenwich sidereal time at the instant we observed the star's 


transit, then we may readily compute our astronomic longitude 





with respect to Greenwich. 


Similarly, if we know the exact declination of a star 
and it transits precisely at our zenith point, we may say 
that our astronomic latitude is precisely equal to the declin- 
ation of that star. In practive, a star rareiy transits pre- 
cisely on our zenith point but if we can measure the zenith 
distance (Z.D.) of the star at the instant of transit, we may 
determine our astrenomic latitude as being equal to the dec- 
lination plus (minue) the Z.D. of the star to the North 
(South) of our zenith point. 

All the preceding assumes that “) and all the stars are 
fixed on the celestial sphere, and that the earth rotates at 
a constant speed about its axis. In actuality, however, 7 
does not always occur at the same point due to a slight vari- 
ation in the obliquity of the ecliptic (€ ). All the stars 
are not at the same distance (from the center of the celes- 
tial sphere) and consequently will have variations in their 
coordinates of Right Ascension and Declination from this 
source as well as apparent changes due to the non-constant 
rotation of the earth about its axis, "wobble" of the rota- 
tion axis, and refraction of light as it passes through the 
earth's atmosphere. The effect of "wobble" in the earth's 
axis is an apparent change in the position of the celestial 
poles and the celestial equater, and the joint effect of this 
change in the celestial equator combined with the variation in 
obliquity of the ecliptic is a change in the pesition of the 


vernal equinox, and sensequently, apparent 
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changes in the coordinates of all the stars. This motion of 
J? is toward the west and is called Precession of the Equinox, 
which is broken into two parts: 

l. Precession: uniform westerly motion of about 50%2 

per year 
2. Nutation: small periodic variation of the motion 
of the equinox 

The changes in the right ascensions and declinations of stars 
are generally divided into groups of very slow changes (such 
as Precession) called Secular changes, and those which occur 
more rapidly (such as Nutation) called Periodic changes. 
The apparent inter=stellar motion due to their varying dis- 
tances is a secular change termed Proper Motion. Another 
apparent change in the observed position of a star is termed 
Aberration and is somewhat analagous to the "Lead" angle 
applied when firing a gun at a moving target; Annual Aberra- 
tion is due to revolution of the earth in its orbit, while 
Diurnal Aberration is due to rotation of the earth about its 
axis. Annual Parallax is an apparent change in the position 
of a star due to the annual revolution of the earth (and 
therefore of the center of the celestial sphere). 

The Apparent Place of a star, then,is the position it 
18 actually sighted in with respect to the center of the 
earth. The Mean Place of a star is obtained by applying 
corrections for precession, nutation, aberration, proper 


motion and annual parallax to the Apparent Place, and the 
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converse also is true. For our purposes, the apparent place 
of a star is used in the determination of our Astronomic 


latitude and longitude. 
2.2 - The Observations 


The data used in this portion of the thesis were extracted 
from observations made in the field course in Geodetic Astron- 
omy (607) during the summer of 1961. The directions for making 
the star observations are detailed in the USC & GS Special 
Publication No. 237 ({8], pp. 36-38 for longitude and pp. 6h, 
66-72 for latitude), with additional details for the instru- 
ment taken from Odermatt [10]. The observation technique is 
touched upon but briefly here, the emphasis being on the com- 
putations and their results. 

The observation point "Astro Pillar, OSU Farms" is a 
poured, reenforced concrete colum about 16 inches square and 
lO feet long, with about l feet extending above ground level. 

A brass marker is countersunk into the top center and center- 
punched for the plumb reference of these observations, The 
pillar is situated about 1000 feet south of Lane Avenue and 
about 1900 feet east of North Star Road, It is most easily 
reached via a gravel road which intersects Lane Avenue about 
0.9 miles west of the Lane Avenue-Olentangy River Road inter- 
section. The southeast corner of this gravel road intersec- 
tion is occupied by a green-shingled farm house, while the 


Southwest corner is occupied by a small fenced-in area con- 
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taining weather measuring instruments. There are three small- 
er concrete monuments along the west side of this road which 
define a base line for university use, but the Astro Pillar 
is considerably larger than these, and about 8 feet west of 
the base line. Figure |; is a sketch of the described loca- 


tion. 
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The instrument used for all astronomic observations in 
these calculations was the Wild T-l, and the instrument con- 


stants were determined to be as follows: 


R = One Turn of Micrometer = 108.1849 + 08.0112 
m=C= Micrometer Lost Motion = OP .031 
s =ß= Width of Contact Strips= 1?.11) 
eu = à (644) = 09,572 


Where: 1? = 1/100 x R 

The method of obtaining these constants is described in de- 
tail in [8], pp. 214-27, using the symbols m and s in lieu of 

T and 4 , as indicated above. The level values were ob- 
tained according to the procedure described in [8], pp. 23 
and 2h, from level trier readings by Dr. I. I. Mueller and 
Mr. Le Sukmam at the USC & GS labs in Washington, D.C. and 
were found to be: 
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LEVEL NO. DESCRIPTION VALUE OF ONE DIVISION 
616 Hanging Level 0009716 + 02003 
2102 Horrebow Level 01918 + 0%09 
2616 Horrebow Level 18045 + 0%036 


The application of these constants will be pointed out 


in the appropriate places. 
2.3 - Latitude By The Horrebow-Talcott Method 
2,31 General 


This method of latitude determination is widely used 
because it is simple, fast and accurate. In this method the 
star program (Table I) is set up so that a pair of stars may 
be observed to transit, one north and one south of the zenith, 
without changing the inclination of the instrument. By so do- 
ing, we are able to measure the difference in the zenith dis- 
tance of the two stars by the impersonal micrometer, thus 
avoiding personal errors in sighting. Additionally, the re= 
quirement of approximately equal zenith distances imposes 
the advantage of having approximately equal refraction of the 
ray path of each star. Finally, the precision (Horrebow) 
levels will indicate any variations in the meridional in- 
clination of the instrument, and application of the con- 
stants (see 2.2) will enable us to make accurate corrections 


to our observations. The words are best put in [8] p.61: 





1h 
The high degree of accuracy attained by the 

Horrebow-Talcott method follows from the fact 

that the method depends entirely on differential 

measurements, 

The criteria for selecting stars to satisfy such a pro- 
gram are listed in detail in [8] pp. 6l, 67-680, and are depen- 
dant upon the field of view of the instrument (about 20" for 
the T-Àl), the time required to observe each pair (about lj 
minutes), and the time interval during which observation 


conditions may be considered constant (limit 20 minutes 


difference in R.A. for stars of a pair). 
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FIGURE 5, 


Referring to Figure 5, it is easily seen that: 
Q = On- 3x 
$ = dst3 
therefore: οφ Oy t Šs - gn t Zs 


ll 


and if: δν” ὃς : then: 0 = 5 (Sn +05) 


In practice, the zenith distance of the north star (zy) 
is rarely equal to that of the south star (zs). The instru- 


ment is sighted to the mean zenith distance (zu = — ) 


and corrected by the difference (az = ay + 2, = Zg ¥F Zm). 
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Referring to figure 6: 





+ Cn sg) 


Im our observations we record the micrometer reading for the 
star with the eyeplece west ( M, ) and for the other star with 
eyepiece east ( M, ) and find the difference between them 
(M~ M, ) is 2Az, in mits of micrometer turns. The correc- 
tion applied is therefore = 4R( My" M, ), where R = the value 
of one turn of the micrometer in seconds of arc. 

A further correction must be made because of the unequal 
refraction of light due to the difference in the zenith dis- 
tances, This correction is also a differential one, and is 
of the same sign as the micrometer difference. If the re- 
fraction at Zw is equal to r , and the refraction at Zo is 
equal to r! , it is appareat that the correction to be ap- 
plied is: +( r = rt ). The proof is similar to that for the 


micrometer correction; where the apparent z is greater than 
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Zm the effect of refraction is to decrease 4z, and where the 
apparent z is less than Zm the effect is to increase Az. Re- 
ference |8], p. 176, Table VIII gives the value of this cor- 
rection directly entering with arguments of zm and one half 


the difference of the zenith distances, Az. 
The purpose of the Horrebow levels is to detect any small 


change in the selected 2m between the stars of a pair due to 
an inclination of the vertical axis. To find the center 

point of a single level bubble, the readings at each end are 
added and the sum divided by two; the same method is used to 
determine the center point with the level ends reversed. If 
the center point is not the same in both positions, the diff- 
erence is divided by two to obtain the value of the correction 
necessary to re-level the platform, Alternatively, the sum 

of the readings in the second position may be subtracted from 
the sum of the readings in the first position and the differ- 
ence divided by four to obtain the necessary correction. 

Since there are two Horrebow levels, the sum of the four read- 
ings with the eyepiece east (2_Ip) is subtracted from the sum 
of the four readings with the eyepiece west (= Lw), and the 
difference then divided by eight to obtain the desired correc= 
tion in terms of level divisions. In practice, no adjustment 
is made, but the correction is converted to seconds of arc by 
multiplying by the mean value of one level division, and the 
result applied to the observed declinations. This correction 


is symbolized: 





P 


= N 
(d * d') /3 Ly - Ὁ αὶ 


E" 
Where: d - value of one division of one Horrebow level 
d! = value of one division of the other Horrebow level 

= Ly = sum of the four level readings with eyepiece west 

$ Lg = sum of the four level readings with eyepiece east 
(the values of d and dt ape given in section 2.2) 

Finally, if a star is not observed on the meridian it 
Will not be at its maximum altitude and the apparent declina- 
tion will be too small. Reference [80], p. 177, Table X gives 
the value of the correction directly, entering with arguments 
of declination and time error of the right ascension. If the 
star is within 6° (90") of the apparent right ascension, the 
maximum correction for the star is O%01 and may be neglected. 
If the meridian corrections for the pair of stars are desig- 
nated m and *)\!, the correction to the observation is symboliz- 
ed: 4(m+ m'). 

The complete formula for latitude using the Wild T=} 
with this method is : 


Ü = 3 (8+ si) + RW = Mg) + 8 (Ξ----- 


eye Dy - S Lp) + 


+ 4(r - rt) + $(m + m!) 


2.32 Computation Of Mean Places 
The Boss General Catalogue Fie lists the mean places 
for stars for the beginning of the year 1960.0 along with 


the annual and secular variations and the third term. The 
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first step is to reduce this mean place to the nearest begin- 
ning of a year. Since observations were made nearer the be- 
ginning of 1962 than 1961, we compute the mean place for 
1962.0 according to the formulae from [8] p. 7h: 

τ, 062.0) — R.A (196070) k 
+ (1962-1960) Annual Variation + 


+ i (1962 - 1960)“ (1/100) Secular 
Variation + 


+ (1962 - 1960)3 (Third Term) 
in 2 


Declination (1962.0) = Declination (1960.0) + 
+ (1962 = 1960) Annual Variation + 


+ 4 (1962-1960)* (1/100) Secular 
Variation + 


OC E 1960}? (Third Term) 
10 


This computation is listed for each star in Tables II and III. 
The coeffecient of the last term is 8 x 10 -6 and this term 


may be neglected. 
2.33 Besselian Star Numbers 


The Besselian Star Numbers are dependent upon the mean 
right ascension (Xo), and mean declination (,), and are de- 
fimed in [l], p. 498: 
cosco 
- sin Xo 


a? 


ll 


b! 
ec! = tan€ cos &- sin X, sin Og 


cos X, sin ó 


where: tan € = the value of the tangent of the mean 


at 


li 
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obliquity of the ecliptic, as listed in [1], p. 50. 
The quantity pu is the annual proper motion in declination as 
listed in the Boss Catalogue [l]. These constants are com- 


puted in Table TV. 
2.34 Besselian Days and Day Numbers 


The Besselian Day numbers are interpolated from tables 
in the Nautical Almanac ([1], p. 266) for the mean epochs of 
the observations. It is not essential to interpolate for 
each star, but limits must be imposed to obtain the required 
accuracy. For this purpose, I determined the rate of change 
per minute for each factor (A, B, C, D and 7) and found 
factors C and D to change most rapidly. Dividing 0005 
(desired accuracy) by the maximum c! and dt (obtained in 
Table IV) thus indicated the maximum allowable change for C 
and D, respectively. Dividing this limit by the rate of 
change per minute gave the maximum allowable time interval 
between transit time and mean epoch. This limit was deter- 
mined to be 32 minutes based on values of C and c!, and l7 
minutes based on values of D and d!. On this basis I estab- 
lished a limit of 25 minutes and grouped all the stars such 
that the mean value of their right ascensions would not 
deviate more than this from the R.A. of any star in a group. 
The mean epoch thus obtained (Sidereal Time) was reduced to 
Greenwich Sidereal Time using an assumed longitude of 


gh ο 10% in each case, The Sidereal Times are converted 
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to Universal Times and the interval between them expressed 
as a decimal part of a day (see [1] pp. 164-465, and [8] 
p. 129). This decimal part of a day added to the Greenwich 
day gives the Besselian Day which is used to interpolate the 
Besselian Day Numbers for each mean epoch. The numbers A and 
B correct for precession and nutation, while C and D correct 
for aberration. The factor T is the decimal part of the 
tropical year between the epoch of observation and the near- 


est beginning year (1962 in this example). 
2.35 Reduction to Apparent Declination 


The reduction to Apparent Declination is shown in Table 
VI, and follows the method described in [1] p. 500 and in 


(8] p, 128, The formula is: 


ë = ot T a+ Aal + Bb! + Cc! + Ddi 
where: > = apparent declination 

ðo = mean declination 

7 = decimal part of year from 1962.0 

ad annual proper motion in declination 
B,C, D = Besselian Day Numbers 


at,b',c!,d*= Besselian Star Numbers 
In the various star catalogues there exist systematic differ- 
ences in the tabulated mean places of a given star which will 
cause deviation in the computed apparent declinations (see 
Nassau [9] pp. 166-168). The FK3 catalogue is accepted as a 


standard and these apparent declinations should be corrected 





ED 
from the Boss [4] system to the FK3 system by two more terms: 


y. Of = change in declination due to declination 


ON 


it 


change in declination due to right 
ascension 


AGA 
These corrections were not available at the time the apparent 
declinations were computed, but since they affect only the 
first term in this formula the mean value for each star pair 
may be added as a correction to the latitude of each pair. 
Similarly, the mean of these corrections to each pair may be 
added to the mean value of the latitude to obtain the same 


result that would be obtained using the FK2 system for the 


reduction to apparent declination. (See section 2.39). 
2.36 Observation Data 


The Observation Data are listed in Table VII. Column 2 
indicates whether the star is North or South of the Zenith 
and column 3 whether the eyepiece is positioned East or West. 
Column | indicates the micrometer reading (in turns and 
divisions) representing the position of the star in the field 
of view at time of transit, while column 5 is the difference 
of these readings for each pair of stars. In symbols, column 
5 is the quantity (Mw - Me), where M, is the micrometer read- 
ing with eyepiece West and Mp is the micrometer reading with 
the eyepiece in the East position. Columns 6 and 7 are the 
readings of the North and South ends of the two Horrebow 
levels for each eyepiece positions; there are 2 North and 2 


South readings for each position East and West. Column 8 is 
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the difference: (sum of the level readings with the eye- 
piece West) minus (the sum of the level readings with the 
eyepiece East). In symbols, colum 6 is (2 Ly - Lp), in 
units of one level division. Colurm 9 is the chronometer 


time of observation. 
2.37 Latitude Computation 


The Latitude Computation in Table VIII is done by the 
following formula: 
Latitude = 3 ($$!) * $ R (My - Mp) 
l (dd! M - 
tg 5) (Z Ly -Elg) + 4 (r - 1) 
+ 3 (m m!) 


Where: © + Se sum of the apparent declinations for a 
pair of stars in a set 


R = value of one turn of the micrometer in 
seconds of arc = 15(105 .189) )=152%7735 


(My - Mp) = west micrometer reading minus east mi- 
crometer reading (taken from table VII, 
colum 5) 

(d + d!) = the sum of the Horrebow level values 


(2 Ly - EL.) = sum of west level readings minus sum of 
east level readings (taken from Table 
VII, Colum 8) 


} (r = rt) = differential refraction taken from refer. 
[8]p.176(Table VIII) with the same sign 
as the micrometer difference 

m and m! are meridian corrections taken from refer= 


ence [8] p. 177 (Table X). This correc- 
tion is negligible when stars are observed 
within 6° of the meridian. 

It is important to note that the formula in reference [8] p. 


fe is for the Bamberg broken=telescope transit and reverses 
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the sense of the corrections in that west readings (suffix W) 
are subtracted from east readings (suffix E). For use with 
the T-l, these readings must be taken as west minus east 


(W - E). 
2.38 Chronometer Checks 


Table X lists the comparison of the sidereal chronometer 
with the time signals from WWV on five megacycle frequency 
using the assumed longitude of 5h 32" 105, The chronometer 
corrections and rates are used to correct observed chronometer 
time of transit. The chronograph was not used for radio 


Signal to chronometer comparisons in this observation. 
2.39 Summary of Latitude Computations 


The latitude obtained for each pair of stars in Table 
VIII is adjusted in Table IX by the method of least squares 
as detailed in reference [8] pp. 78-81. An initial mean is 
obtained and any pair (set) having a residual of 3" or more 
is rejected. Because of uncertain level values in the case 
of stars 26986, 28956 and 30322 the sets containing them were 
rejected. In the adjustment we determine the deviation of 
the mean latitude from the most probable latitude: c = 0%010. 
We also obtain a correction to our preliminary value for 
one-half turn of the micrometer (4 R):r = -0".053. The 
colum headed Mr is the product of M and r for each set and 
is applied algebraically to latitude obtained in Table VIII 


and the result listed in column 6 of Table IX. A new mean 





2l 
latitude is obtained, and represents the mean observed astro- 
nomical latitude of the station based on the observations in 
the Boss G.C.[4] system, without reduction to sea level. 

The Apparent Place of a star will not be the same when 
derived from Boss [4] as when derived from the FK-3 system, 
and since the FK-3 System is accepted as a standard, the 
Apparent Place obtained from Boss []] must be corrected by 
the quantitites: 

485657 change in declination due to declination 
Ax = change in declination due to R.A. 

I was unable to locate any definition of these quantities 
in the library and so consulted Professor Bobromikoff at 
McMillin Observatory. From our conversation I was able to 
learn only that differences in R.A. and declination for a 
given star do occur in different systems, primarily due to 
dissimiliar observing conditions. In any event, the tabulated 
values for the corrections were obtained from my adviser, Dr. 
Mueller, and the corrections are applied in Table XI as a 
total correction to each set. The mean of the corrections 
is then applied to the mean latitude of Table IX. The final 
astronomical latitude, corrected to sea level, is lO? 00! 


13".401 North. 
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Latitude Sheet h: Mean Right Ascension 1962.0 from 1960.0 
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15.76] 18 18 19.1 | 1. x 2 
26111 | 6.70| 18 58 22.222 | 12 | 1.8324] 2 
26621 | 3.98| 19 16 10.672 | | 19 16 13. um 7 
26968 | 5.96| 19 29 13.298 | | h. m | 19 29 48.216 
28108 | 1.32 | 20 12 28. 093 | ΚΙ 





[20 2h 33.466] 2 
| 20 28 54.757 | 


E sr RM E T 
29268 | 6.57} 20 56 31. 857 |. | 5.3h081 
29616 | 6. m) 21 09 2T. :226 | 2 1136| RK | I 
29996 | 6. 88] 21 23 1l. 062 | E? Ex. | 
9 | 09 «0036 Jl 6B 
"ΕΠΑ πὶ iE 
5.32] 21 48 15.365 | 2 BETT 5.7095] 21 18 20.073 
Eu | 5.39 | 22 03 17: is | 1.8239} De 6179| 22 03 51.063 | 
dis .69 | 82 ΠΡΟ ΠΟ do 8255 . .0059 | Zo „6511 | [22 13 OL. “015 | 
22 58 17.723 °. e 5.7273 | 22 58 53.450 
| 5: 83 | 23 05 55.928; 2.7258] 0218 | 5.4521] 23 06 01,380 | 
23 11 20.807 | 2. s 5.7812 | 23 11 26.588 
32h90 | 6. iab T 23.38 121 603 | E 282 Ομ, Ka 23 18 18.513 | 
m | 6. 58 | | 23 h9 16. 932 | 20256 | n ‚0747 | | 23 19 23. ‚007. 
169. 5.08 | | 00 08 13. :9uo | eL .1195 03395 6. 2397 | 00 08 20. 180 | 
608_ | ὁ: 6h | E 2 Ql «Ὃν 23391 at 6 ΠΤΙ 00 29 09. 595 | 
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02 = 32 100 36 32. 79 
15.03 | ου 16 33.310 led 3.1020 0177 | 6.8050 | 00 16 0.115 | 
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TABLE III 


LATITUDE SHEET 5 : MEAN DECLINATION 1962.0 FROM 1960.0 


BOSS GC|DECLINATION A.V. | S.V. [CORRECTION] DECLINATION] SET 

STAR 1960.0 2(AV) 4 19920 

NUMBER | 9 1 N I del Ut Ge OV) O 4 t! 

25122 [72 42 57.34] 1.556|-.141/ 3.109 [72 43 00.45] , | 
6.112 | 7 19 22.80 


1 
25527 _| 7 19 16.39| 3.202| .lhl16| | 

25757 E: 56 35.52| 3.953| .190| 7.910 |52 56 3Ha g 
26111 126 5h 30.60 1.9881 .339, 9.983 |26 54 40.58) | 
26621 [53 17 38.19| 6.643| .109| 13.290 |53 17 51.48 
26968 |26 31 52.15 7.641] .328 15.289 ]|26 32 OT.hh| 7 | 


— a 


ο τὸ 123729 52.681 10.379| „31T: 20.761 |23 30 13.Hh 


— 


28109 ¡56 26 h1.03!11.016| .167| 22.035 156 27 03.07] 
foes 17 10 59.991 11.7721 .318! 23.550 |17 11 23.54 τῷ 
BBB 6251 533.15112.100] .112; 24.202 |62 51 57-332 
28956 |57 26 08.32 Ix] .157| 25.851 157 26 34-17 
EDS (43 46 02.92) 5 
29616 |36 08 05.62; 14.706 

| 


29268 |22 53 26.82113.928| .274 | 27.862 |22 53 54 .68/11 | 
29868 |52 53 16.93| 15.211 


TREFFER RR EN 

.176] 30.486 15ο 53 17.121], x 

20996 127 2 41.94) 15.8144 „237| 31.033 |27 15 12:97 | 

30322 15718 27200 16 285. ZIEL, 321675 157 19 00.01) UP | 

30569 ¡17 05 99 +93} 16.737, .220 | 33.478 117 06 29.41 15b 
30904 |62 35 2h .20;17.568| .122| 35.138 |62 35 59.3) 

3104) [58 00 12.88 17.746 .ı34 35.499 |58 00 48.36) 


ENS | 22 19 27.56|17-872] 179| 35% 748 | 22 20 de 
32072 130 52 01.69/19.326| .103j 38.65) Bg 52 43.3 17 
32220 19 04 39.29}19.610) "086 | 39.222 |49 05 18.51 


CA 4 κ e a u 
32329 |56 56 50.16/19.882; .086| 39.766 |56 57 29.93 8 
32190 ¡22 52 a . .071 | 39.409 122 53 00.03[1 
32780 










4O 00 56.74|19.853 .043, 39.707 10 01 36.45/10 | 
33093 23 58 37.39 19.965 | ¿0185 39.930 39 59 17.32 
3 


26 10.21120.112 -.013| 10.284 31 26 50.52] 


ἢ | | 
24 5 50 58.97120.030 =.024 | 0.060 'l5 51 39.03] 20 
5 ra a sn 29.2 


e |3 30 3 | 
ı 608 ¡43 13 33.03/19.8814 -.067| 39.767 ¡13 ll 12.80 


759 E 05 -.080| 39.094 ^29 06 20.69 
961 |50 45 01.68|19.636 -.107| 39.270 450 45 40.95 22 








hat 





TABLE IV 30 


LATITUDE SHEET 6 : BESSELIAN STAR NUMBERS 


BOSS | | 
GC a! -b! | Gi οἱ at [SET 
= | 

cos sin =olsin 5 


ET D aus . 99550 9h 91} ες δὲ =. 361} +1.07937 +0905 | 
25521 .16513| +.98627| .12746| .9918) |- “35814 ‚55588 |+.02105 
-19881] +. 98001] . 79806 „60257 |-.009 +1.01 311 *.15866 . 
Sa .25228| +.96765| .45261| .89171 |- .027|+ 82167 |+ 11418 | 
26621 Bp +. 94520 d | 2a .122i+1.01700 |+.26176 | 
26968 38189] +.92121| . „8911661 .026|+ .80087|+.17061; / 


E : en +.851 33 .91703| .001/+..73839|+.20727!' 
+.83744 | .83341| . 55265 . 082 + «93759 + .45548 7 
.58907| +.80735] .29554 | e |-.016 + .90630|+.17409. 
σος 38507 +. 79615) "38001, i ~ O14! + "o dn +.53851 10 
28956| .65740| -.75351| .81285| .53814|-.232 * .96849 |*.55109: 
29268! .69660| +.71746| .38907| .92121| .000/+ .67863 |+.27103 +1 
0 -691831 , 7220 002! + «Το 70/+ 9671 |. 


29459] +71 9 
EL. edo +: 67709 BELLE Sere + .74955| + ely 3403 (+2 





29868| . 76189! +.61, 7090| . 79755: ‚001: + .77837|+.60749'_ 
29996 | „77528 +. 2 «553 .88999 | .00h: + E +. 25502 3 
30211} .00080| vi 9893| «36406 .92331/-.00 + ,630131+ 

30322 omis 5167 53222 061) 4 534 - δι 15 14b 


130569] .83916| *.54 311 20118 1 SOG πμ | 
30904 | .071430| *.18 238 : 587611 246020) .060| + “25420 |e 79603 | 158 
31044 1 .09860Ti 9. ES 2972| 006) + . í Jm 
= P. 89301) + G ᾿ Í 92198 | -. 00lj- .5721l |*. 133938 1 
2 6166! +.26 1535383: EE 05826; .005| 4. 5oTh2|+ :49508] 7 
35246 | cy 39) +.23 42 er .65490| .132| + o4 6035 | +. 73485) + 


| .83827 
x J 138051 36862, ΙΟ ΕΕ σος 18 


o T6574 | =. 042] A ‚10831 |+. E | 
.76618|-.054| + .36191|+.64195| 29 


: ° .1001+ .350h7|+.56560 
. 99934) -.03637 DH NOE .001| + 2759 qe E Ú 
52 997461 -.07121| .595871 . 8030 [7.036] * 
m :39132| -12669 :6dl35 “12252 . 72252 | 33 + 122260 » 26076 al 
9 .98732| 7.15877] «486421 .87372 7372 1.249 + .30167 +.1802 E 
i 97934; -. 20223) + 17452) 63205 | = "och + .11768|+. 7585212 




















32780 [ .9929l| 4.118581 .61,315 
33093 | . 99894 | +.01613} 64263: 
99992) -.012 | 
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Latitude Sheet 8 ; 


Boss G 
Star | 


Number 


25122 
25527 
25757 
26111 
26621 
26968 
27910 
28108 
28135 
28541 
28956 


29268 | 


22159 


29616 | 


29868 
29996 
30211 
30322 
30569 
3090), 
310l, 
31120 
32072 
32220 
32329 
32h90 
32780 
33093 

hhi 


169 
362 
608 
759 
961. 


TABIE VI 


Reduction from Mean to Apparent Declination 























-10. 979 -1. 5916+ 1 22780] 710. 8681 +0016 21, 8595 | pe 


Be 


a! 


, Declination 
Aa! Ta! Sum DT Ta. 
@ 1.06351+7 825] 41.4161 - 1.3012) +. 10} +20.0379 E h3 20.488 
- 1.85h1l]«7.7698|* 7.237] = .3028 | *.0231/ «13.0597 | 7 19 35.860 
- 2,2322] *47.7208|*413.9362| -2.2825 | *.0036| «17.1159 | 52 57 00.576 
=» 2,8326|47.,6231|*411.0113| -1.6126 | *.0108| 414.1730 | 26 Sh 54.753 
- 3.,6652| «7,1153|413.5892| 2 3,7638| -.0187| «13.5568 | 53 18 05.037 
- 1,2871] «7.2800|*10.7012! - 2.1532| -.010lhj «11.2305 | 26 32 18.671 
~ 5.83291 +6.72781+ 9.875! = 2.9778) =-.00041 + 7.7912 | 23 30 21.231 
~ 6.1336) +6.59)8) +12 .538h) = 6.5439] =.0327| + 6.1230 | 56 27 09.193 
- 6.6111} +6.35791+ 8.7311) = 2.5012! +.006)} * 5,9831! 17 11 29.523 
= 6.7911} +6.2696] 412.1200 = 7.7368 +.0056 + 3.8673 | 62 52 01.197 
- 7.3780} +5.9341| 411.6143} = 7.9606| +.0925| + 2.3023 | 57 26 36.172 
= 7.8179 +5.6500|+ 9.0753| = 3.8939 = O |+ 3.0135 | 22 53 57.691 
= 8.0555| +5.1809|+10.6140| = 1.1323) = -.0008 +  .9063 | 13 16 32.546 
= 8.2568| +5.33141+10.0110|) = 6.2322í +.0060| + .859lı | 36 08 35.899 
- 8.5162] +5.1019|+10.3959| = 8.7229) +.0016 = 1.7697 | 52 53 15.650 
- 8.6986I +11.97311+ 9.0178) = 5.0977] =.001 .1933 | 27 15 13.163 
~ 8.9850) +.7160} + 8.4200) = 4.4163) +.0159) = 249} 22 35 06.791 
- 9,1281 +11,5787|+ 9.6613] => 9. 83231 +, 000)! = 4.7170} 57 18 55.293 
- 9.1171] +1.2783|+ 7.6886] = 3 “Shel +. 0243!» .9701| 17 06 28.hhO0 
~ 9.8079] +3 8214} 4+ 8.405! 211. 1h02 -. 0239 = 8.7101 | 62 35 50.630 
= 9.9399] +3.649614+ 8.3388) -10.7861; =.002h) = 8.8121 | 58 00 39.538 
=10.0178| +3.51431|+ 7.6592; = 870} +.0016) = 3.68h3 | 22 19 59.626 
-10.8177| +2.0739|+ 6. 7989| - 7.0985! =-.0020| = 9.0454 | 30 52 34.295 
210.90h3! «1,836714 a 1682! -10. 5363) =.0526 -13 .488h | 49 05 05.022 
=10.9633 +1.6552|+ 5.5302 =11.7504. >.1191| =15.617h | 56 57 14.283 
=11.0290| «1.12391 * 6, 2959! - 5.93] -«ΟΟΟ)- 8.7930 | 22 52 51.237 
=11.1318| + .9333|+ 5. 1713| - 9.156)! +0167} -13.8699 | hO 01 22.580 
| -11.2021|* .3631|* .8492;= 9.203! +. 0215| 215.1726 | 39 59 02.117 
711.2101, - "2862 « 1, .6995|= 8. -1039) ~.0398| ~1.7538 ο οὐ ο ος 
=11.2036| = .28621+ 3.6995) -10.2758 +,000)' =18.0657 | hS 51 20.964 
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TABLE VII (Continued) 
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BOSS GC] N E MICROMETER _ LEVEL _ | CHRONOMBTER 
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CORRECTIONS | 
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LATITUDE SHEET 12 : SUMMARY OF LATITUDE COMPUTATIONS 
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alue of 4+ turn of micrometer 
(1) Mean 6$, 8 pairs with * M 
(2) Mean 0, 5 pairs with - M 
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r 
Latitude of station OSU FARMS : 10° οοι ΠΡ 
Reduction to Sea Level 20 

Final Latitude of station : o9 oo* "138175 +0"116 
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Station OSU Farms 


State: OHIO 
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Reduction From BOSS G.C. System to FK 3 System 


Latitude Sheet 1) 


ca] O ] uni οἱ cn l O] o ] O] — | ío Io Í| o | ° 
O | t= E Op τι ο eJ rii rio ON CM FU |] 
mia | Q AI GO l c | q j | Gl tn Í Aq] d—+ 
° o | © o © ° ο © ° © ° © ° 
+ | + + +I + Í| + | + +j + + Í + + | + 
---] σι [Γή ω]λο ἵο  πἱ Ὁἱ oO | ου] d Í r= o 
= Oliwm I Of wil © τ 1η} 1Π] οἱ αὐ τ!1α Μπ 16 
= LO LN ας το η Tg Een poem puc {ΠΠ ΟΠ 
ee O ee A l 


f x I (ex 
| ES 
LO 89} e. ο 
q + 
| O Old ko oJ o olor uirolo a Na 
ΚΟ NA ANA oo Nammo mlar ole Mo ok 
Co | Na AN A Al emp eie ede euer ee ep ee ΓῚ 
© 3 9 8 9 9 ο © © © © ° ° ° ° of © ° © © ° © ° of 
l Jt tlt tilt ele tit tlt tlt tit tlt tit tit +14 +14 
ο | Moo NA (J lO Umi olcu au mja cole 
<G 9 ° e oj © of © elo οἱ © o] o οἱ ο οἱ © οἱ © of ° ej o e ° 
e {oop oio olo ola mlm ulm ala aja ee exe exo olo 
wo Tea Ale ela euo eua aoa aoa ala ala ala alo 6 
~ AAN ON QJ COKO HID NIH lO AO AIO ONO Ot 
*@ 9 & e e e © 9 © © ° ° ° ° * © © e ο ο ο ο 
CO | uy a olmolm culmolou N~ ako ulo co culo Oho Mao 
œ haci iNe o Iu eye sohn ασ) ο) i 
y UMM Alo co «oko «olo» olv olo olo wa oclo c 
CJ AULA HH O O ARO OPO Oba Uli UN OO Mw O] 
43 JAWS doe OKO OTA NO Alo UM aim of Aol 
τη lin «o[t-cofo elo oo» oXo Ola Ala ula He 
CU eye ela ey OU QUAL QUA AS CA CAM OO 
a 
Tr in O A Ὁ ως οἱ δι Ὁ σα 
dHjAlicdlALlL AL ALA] ATLA a 


° ° 


© ° o © o 
+Í +! + 
Da Ala IO IOS OCA OKO mio & 
| Ä ANA 
O Olo olo olo olo olo olo olo olo o 
9 © © ° e e ° ° ° ej o o ° oj o ° ° ° 
eo ble tit tlt Fle + le tit tit tit + 


| 01 

2030 
ου 030 

«0 


Ë 


LT 
+ , 096 
+, 096 


ο 
Q 
© 
8 od ΐ 


6 


88 | + 
212 
DO 
+207 


ol 


00.8 


Sub 
-8 


NO 

Ü 
C 
QJ 


Set 


15515 
0.226 
13.441 
. 0 
13%] 01 


00! 
OO * 
OO? 


40° 
10° 
lo? 


Reduction to Sea Level = 


Computed Latitude 
Reduction to FK 3 
Final Latitude 


-— — mh 


-= α ". 


1 s | 


ho = = Te 





A 
ar al 





mE 


ο... 
@= . 





4. T τ 17 
i . - v Tu 
| | - . δ. ἑκ » 
I — o τ "a š = 
d I | = i mi N 


M 
cT 
B A % 
- 
h. 





37 


2.4 Determination of Longitude 
2.41 General 


, The instrument is sighted in the meridian at the zenith 
distance (%.D.) obtained in the observing list (Table XII). 
This ZD., is obtained by using an assumed latitude (¢) and 
the declination (5) of the star: 2.D. =0 - 6. When the 
star enters the field of view, the micrometer movable wire 
is made to follow the star toward the center (which represents 
the meridian). Small electrical contacts on the micrometer 
then send an impulse to the chronograph for each tenth of a 
turn of the micrometer. These pulses deflect a stylus to make 
a mark on the chronograph tape, which runs at a constant 
speed of 1 centimeter per second. The chronometer also is 
wired to send pulses to the chronograph (on odd seconds) 
which deflect a second stylus on the other edge of the 
chronograph tape. Noting the initial micrometer reading and 
the initial minute on the chronograph, the tapes may be 
scaled to obtain the sidereal time to the nearest 0%,01 for 
each micrometer pulse, or "break". Ten such breaks are 
scaled before and after transit of the star. The instrument 
is plunged and transited before observing the breaks after 
transit of the star. The method of scaling the tapes is 
covered in detail in Odermatt [10], pp. 53-55. The mean 
value of the first and last breaks is the approximate chro- 
nometer time of transit. Similarly, the mean of the second 


and second-from-last, third and third-from-last. etc... wil 
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0 
give a total of ten values for chronometer time of transit. 
The mean of these ten values gives the chronometer time of 
transit to the nearest 0°.001 for the star. The observed 
chronometer time of transit (MEAN/2) is corrected by the 
chronometer correction (A£), deviation from the set Z.D. 
(Bb), diurnal aberration (k) and the combined effect of lost 
motion and average width of contact strips (1). The apparent 
time of transit (t = MEAN/2+1+k+Bb+A4%) should then be exactly 
equal to the apparent R.A. (oĊ) of the star, which in turn 
should be exactly equal to the local sidereal time (L.S.T.). 
The difference (c(—€) thus is a differential correction to 
the assumed longitude used in Table XVII to compute chronom- 


eter corrections. 
2.42 The Observing List 


The observing list (Table XII) is made up from the 
Apparent Places [2] in accordance with the criteria listed 
in [8] p. 37. The colum headed A is the azimuth factor for 
each star. <A was computed to five decimals by the formula: 

A = sin ϕ - tan Ó cos Ü 
Where: d = assumed latitude = 0°00! 00100 
S= declination of the star 
The column headed B is the level factor computed to five 
decimals by the formula: 
B = cos b + tan Ó sin ϕ 


Where: b end Sare as defined above 


li 


The column headed sec D is the secant of the declination to 
five decimals. Although this value is listed in the Apparent 
Places [2] for each star, it is only carried to three places. 
The column headed k has been computed by the formula: 
k = 0%,021 cos f secó 

Where ϕ and 5 are as defined above 
The factor k is the correction for diurnal aberration, or, 
the sighting error caused by the rotation of the sarth. The 
derivation of this factor is covered in detail in Nassau [9] 
pp» 159, 179, 191-192. A brief derivation follows: 

Because of the finite velocity of light, the meridian 
of the observer will move eastward an amount K during the 


time it takes light to travel from the star to the observer. 


K = V = 0",319 cos ϕ = 08.021 cos 6 
c sin Lf 
Where: Vv = speed of observer = 2% R cos miles/second 
21.00.00 


mean radius of earth = 3959 miles 


Il 


latitude of observen 


C 


velocity of light = 186,300 miles/second 
Thus, at the instant the star appears to be on the meridian 
in the instrument it has already transited the celestial 
meridian by a small angle k. By the law of sines, then: 


sin k = sin 909 = sec 5 
Sin K cos § 


Where: ô = declination of the star 
Since k and K are small angles we may say that the sine of the 


angle is equal to the angle itself: k =K sec 5 





η. 
Substituting the value obtained for K, we obtain: 
k = 09.021 cos sec § 
This correction is subtracted from the observed time of the 
transit for stars at upper transit (as all stars were in this 
computation), and added to those observed at lower transit. 
The factor l is the correction to be added for the com- 
bined effects of the lost motion (m =0P.031) and width of 
contact strips (s = 1-11} and is computed by the formula 
indicated in [8] p. 26: 


R (mts) sec 6 = 05.0583 sec & 
e 


100 


1 


Where R = equatorial value of one turn of the micrometer 


= 108.189 
w= lost motion = 0P.031 
s = average width of contact strips = 1?.11) 
Ó = declination of the star being observed 
P=" oe er 


It is apparent that declination is the only variable in this 
formula. The constant represents the premature closing of 
the electrical contact (in seconds of time) for an equator- 
ial star. Multiplying by the sec 5 corrects R from its equa- 
torial value to its value at that declination. This correc= 


tion is discussed on Odermatt [10] pp. 51, 63. 
2.43 Computation of Chronometer Corrections 


The computations in Table XIV are in the format described 


in reference [8] pp. 125-126. At the top of each sheet is 











ne 
listed the value of factors d Y and de and the mean epoch 


of each set of six stars. The mean epoch is the mean value 
of the six R.A. values in the set converted to a Besselian 
Day in the same manner described in part 2.3). The values of 
a Y and de are interpolated from the Apparent Places [2], 
Table I, p. 479 for each mean epoch. 

For each star, the level readings are copied on lines 
e and 3. The difference of the 2 West readings and the 
difference of the 2 East readings are written on line |. The 
difference of the values on line | is written on line 5 in 
the sense West minus East. Line 6 is the value of the 
apparent inclination of the telescope axis (b) obtained from 
the level readings: 


b= ae AL) = 08.019 (AL) 
qe ( ) HD 


Where: da" = value of division of the hanging level = 
0",89716 
AL = the difference of the level readings from 


line 5 

The conversion of d from are to time includes a factor of 
(lI )x(15"per 18) = 60"/1° because AL is obtained from 4 level 
readings. On line 7 is copied the level factor (B) from 
colum 8 of Table XII. The product Bb is next written on 
line 26. 

The chronometer time of transit to the nearest whole 
minute is written on line 8. The whole minutes for the in- 
itial and final micrometer breaks are written on line 9 above 


columns 1 and 2, respectively, of lines 10 through 20. The 
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ul 
ten micrometer breaks before and after transit are written 
in column 1 from top to bottom and in column 2 from bottom 
to top, respectively, on lines 11 through 20. The sum of 
columms 1 and 2 are recorded in colum 3, lines 11 through 
20, and the mean value of these sums is written on line 2l. 
The data for columns l and 2, lines 9 through 20, are taken 
from the chronograph tapes as described by Odermatt [10], 
ppe 53-55. 

Line 22 is one-half the value of line 21 which is added 
to the initial minutes on line 9 (colum 1) to obtain the 
chronometer time of transit (MEAN/2) in seconds. Although 
I did not rescale the chronograph tapes, I found it necess- 
ary to examine them carefully to verify the listed figures 
and account for the 30 second difference between lines 22 
and 23 in certain cases. For this purpose, I found it ex- 
pedient to lay out a line 3 minutes long on the scale: 1 
second = 1 millimeter. The measured mid-point between the 
first and last breaks and the middle two breaks (line 20, 
columns 1 and 2) each gave a simple check on the time of 
transit. 

The values 1 amd k are copied onto lines 2l and 25 from 
Fable XII, columns 10 and 11, respectively, for each star. 
Line 27 is the algebraic sum of line 8 and 23 through 26, 
and is the chronometer time of transit corrected for the in- 
clination (Bb) lost motion and width of contact strips (1), 


and diurnal aberration (k). 
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The R.A. of the star is interpolated for the epoch of 
observation from the Apparent Places [2] by using second 
differences and Bessel's formula as explained in the Apparent 
Places [2], p. IX (Also see Nassau [9], p.245 and Nautical 
Almanac [1] p. 468): 
Lc oC TE (Ay A A) 
Where: X = apparent R.A, for desired epoch 


oO) = apparent R.A. for nearest whole day (X) 


n = interpolation factor = (DESIRED EPOCH) =- X 
10 
[NI = first difference 
Βα (ΔΘ + Af ) = second difference correction, which is 


obtained directly from [2], Table VI 
This apparent R.A. is written on line 28. 

The correction for short period terms in nutation (Ac) 
on line 29 is obtained by the formula listed in the Apparent 
Places [2] p. IX (also see Nassau (9] p. 163): 

Liu died a c (eae 
Where: AK= short period term 
d ο((ψ)-- change in& due to change in i 
dolle)= change ino due to change in € 
d. Y 
d € 


The values for dWand dé are listed above each set as previous- 


short period term for nutation in longitude 


short period term for nutation in obliquity 


ly explained. The values for d x (Vana dx (€) are: Lisibed be- 
neath each star in the Apparent Places [2], 
The chronometer correction (An on line 30 is obtained 


by interpolation for each star from the values obtained in 
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Table XVII. 
Finally, the quantity (X+AX%-Z-az) on line 31 repre- 
sents the difference between the R.A. computed for our as- 
sumed longitude and the actual L.S.T. at time of transit. 


These values are now copied into column 2 Table XV. 
2.44 Longitude Computation 


The values of A and (A +AX = t =A £) for each star are 
entered in columns 2 and 3, respectively, of Table XV. 
Colum 3 lists the square of each A factor and column | the 
product of columns 2 and 3. Each column 2 through l is 
added and two normal equations are written for each set as 
described in [9] p. 127: 

na» - [Ala + [(X{ +o%- t -at)] = 0 
and 
- [A] AX, + [AA]a = [A( * ^X - t -At)] 2» O 


Where: n = number of stars in the set 


A» = adjusted correction to assumed longitude 
for the set 
[AA] = the sum of the squares of the A factors 
a = correction to the aximuth of the collimation 


axis of the instrument 


[ (& *A« -t-At)] 


[A(X+A% =t-At)] = the sum of colum 5 
[A] » the sum of column 2 


the sum of column 3 


These normal equations are solved by the method of least 
squares to obtain the values of a and AA, . The products of 


a with each A are now entered in column 6; the difference 
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Δα-(οί Ἑδοί-- t -At) gives the correction to the assumed 
longitude for each star, and is entered in colum 7 (AN), 
The residual (v) for each star is then obtained by: 

AA -AA= y 
a 
Any star having a residual greater than 0°.20 was rejected 
(see [8], p. 123) and a second adjustment made with the 
remaining stars. In the case of set 1, only one star fell 
Within the limits and the entire set was rejected. The 
probable explanation is that the observers were completely 
inexperienced with both the instrument and the method.  Al- 
though the Longitude Record, Table XIII, does not indicate 
it, Dr. Mueller stated that considerable difficulty was ex- 
perienced with the chronograph during this first set. 
Finally, the mean of the A» a values obtained was 

applied to the assumed longitude, and the result taken as 
the mean observed longitude. The value obtained is 83° 


02128".230 + 5".460. 
2.45 Radio Chronometer Comparisons 


Before and after the observation of each set of stars, 
the micrometer was disconnected from the chronograph and the 
radio connected in its place (a schematic wiring diagram is 
illustrated in reference [8], figure 8, p. 12). With the 
radio tuned to WWV continuous time service, the chronograph 
tape thus records odd seconds from the chronometer pulses, 


and every second from the time signal. Twenty radio breaks 
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48 
are scaled in the same manner as the micrometer breaks are 
scaled, and the results listed in colums 2 and 3 of Table 
XVI. The correction in colum 3 is obtained directly from 
reference [8], p. 193 (Table XV), which reduces the breaks 
to the whole second nearest the mean epoch of the break. 

The mean values of the radio time and the chronometer time 
give an accurate comparison for the determination of the 
chronometer correction and rate. These values are entered 
onto Table XVII for the computation of chronometer correc- 
tion and rate in the same manner as Table X. 

WWV time signals are monitored by the Naval Observatory 
in Washington, D.C., which computes and publishes corrections 
to the broadcast time signals at a later date. This correc= 
tion has been omitted in these computations as the data were 
not received in time. It is unlikely that this correction 
would be greater then + 07.01. 

Twenty seconds before a time check a voice announcement 
is made of the Eastern Standard Time followed by Morse Code 
Signal of the Universal Time, a second voice announcement 
and two warning pulses. The tone deflects the stylus in- 
dicating the zero second of the announced time, and is 
broken every second thereafter except the fifty-ninth, which 
is always omitted to identify the beginning of succeeding 
minutes. Figure 7 illustrates the appearance of the signal 
in the chronograph tape (illustrating signal at 1005 EST, 
or 1505 UT). 
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FIGURE ὦ 


The pulses between the last code group of Universal Time and 
the two warning pulses are not explained in the literature, 
but after running thirty time checks on the chronograph, these 
unexplained pulses took the general form shown in Figure 7 
in more than two-thirds of the checks made. The form of the 
pulses thus appears to be the Morse Code letters "TIM", 
Whatever they are, they are distinguished from the beginning 
of the time tone as being individual pulses, while the tone 
is a continuous pulse broken very briefly each second. The 
two warning pulses immediately before the tone are of only 
095.005 duration spaced 0?.1 apart, and are not always indi- 
cated on the tape. 

The time signals are given continously in five minute 
cycles, except a silent period 45 to l9 minutes after each 
hour. Each cycle begins with a 600 cps tone for two minutes, 
a one minute period of rapid code, and finally two minutes 
of a ljjO eps tone. Details of the time service may be found 


in reference [1H]. 
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TABLE XV 


Longitude Computation: Set 1 


-.3255 | =s 1083 
=. 275 | 5: _.1076 | 
+.1067 ° ç Ac š -.hh9 |+.509 


-.1680 ; +.0499 
+.0795 : -.0335 | +.01) 
-.0912 4,0150 


=| | ΠΟ 


Normal Equations: 





4 
© 


Gu + Ona Τό 
«23568 - .0807 = 


ΕΕ) Me 
-LOOLE _ 02731 
j 
+.07933 | +.17057 | 


+.06020 | +.17057 


Solution: 












Back Solution: 





+.17057 
4.06020 


AN 
[VV ]= ας 


as = ens ή "s = +.6745( (18335) 2 +.6745 (242819) 


+.28881 





TABLE XV (Continued) 


Longitude Computation: Set 2 
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Ar Do A οἵ 1- AO 
ss Ts PE PE Tex, 


νου ο 
-.1608 
+ . 2006 
+.1455 
-,3389 : -.0041 |+.316 
+.1571 





*.232 | *.059 


+.202 | +.089 


Sums | +.0207 | -1.768| .2272 |-.2178 | |r2.7us | -.003 


Normal Equations: 
6 Ara -.0207a - 1.768 


2271228 + .2178 = 


6.0000 }-.0207 | -1.768 
-.'-----.--- 


I ἱ 
O O 


Solution: 






Back Solution: 





[vv]= .01919 


= 
| 


+.01073 


go 
H Ili 


m 93207 
+.29145 


„01 
27 semel É Jt. +.6745(.00487)%= +.6745(.06979) 
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Longitude Computation: Set 3 





Normal Equations: 


Solution: 


Back 


[vv] 


Solution: 


οἱ 98888 


όδλα - (*.2196)u * (-.952 ) = O 
















(4.1015). - (-.2364) = O 
m 
6.0000 — -.952 
- 109112 4.19680 
4.01160 
ar lan 
| &,- -2.15918 


αλα + .06882 


censi ED)? = + 645 (124722)? 


4 (6745)(0.111679) - + .07533 
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Longitude Computation: Set 3 (Rejecting Large Residuals) 







[A+ Aa. 
-X-A X) 


REJECTED 






| 
REJECTED 
+.0419 | =, 168 


REJECTED 








~.105 | +.063 | +.008 





-.1000 | +.151 
+.2868 =.668 | +.069 | +.002 


ia [enr [omo] ee] Treo 


Normal Equations: 
saña = στη, πα 


(*.0943). - (-.2362) 


ara | a | m 


3.0000 | -.2317 | -.75li 
«ΟΠΘΗΙ. | -.1ἩΠ9 
Back Solution: 
+.251 


+.07145 


-.0151 | +.233 | +.082 








Solution: 














-2,3291 


=2 3291} 





-2 6 32914 
40.0715 


a, 
Aka 


li 


[vv] = .0189 


[Vv] 1 
67y5\mee}] = + -6745 (.0189) 


ii 
(+ 


il 
{+ 


(26885 )4 . L9 T ee 





TABLE XV (Continued) 


Longitude Computation: Set h 
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Normal Equations: 






















ó ANa = (1708350) + (+10255 ΞΟ 
(+ e4260), < (-.6910 ) = 0 
Solution: 
A αἵ. οι 
6.0000 | +1.0838 | 411.255 
223023 | + .lH61 31 
Back Solution: 
-.18063 | 
-.20917 | -2.01672 
4.15511 | -2.01672 
a = -2.01672 
[VV] = .0368) 
[aA i 
πη. ΞΕ eme = + ‚6745 (.00921) 
= + (.6745)(.095969) = + .064 73 





TABLE XV (Continued) 59 
Longitude Computation: Set 5 
A (QU TAX 
-t-A +) 
.011l | +.0180 


.0063 | +.0349 


,0003 | *.0071j 
.0402 | +.0317 





Normal Equations: 
6AAa + .026la + 3.060 = 0 


.1813a + .3245 = 


Solution: 





a asa 


6.0000 | +.0261 +3. — 
euo . 31119 

-.004 35 

= «51000 


-.50253 










Back Solution: 





EX 


-1.71748 -1.71748 


50288 


"m 
[VV] z . 08162 

08162] 4 1 
ma = + .67H5 == = +.6745(.02040)* = +.6745(.14283) 
«096 3} 


+ 


I! 
[+ 





TABLE XV (Continued) "S 


Longitude Computation: Set 6 


[A+ Ax ¡Agra ^ 
+ 155 ° e ! = «739 +.13l 
+.1571 


+.0258 


-.03771 
~o Oli 98 
+049 : m +.043 





Normal Equations: 













6aha - .2850a + 3.043 20 
.0525a - .0762 = 0 
Solutions: 
[ake fe) ee 
6.0000 0000 =.2858 +3.0 3 
203889 889 + „07875 
Back Solution: Ew 
4,01 768 
| 50717 
=.60362 | -2.0214 94; 
a = -2.0214 94; 
AA & = = .60362 


[vv] = .03961, 
= + NETTE = #.6745(00991)* = +.6745(.09955) 


= +.06715 





a. 
TABLE XV (Continued) 


Final Longitude Computation 






REJECTED 
-0.93207 
-2.32914 
-2.01672 









+0.29145 
+0.07145 
+0.15511 
-1.71748 -0.50253 
-2.02494 -0.60362 


bem | | -omms | 


-,1,0908 






~.18908 
“clan 
+. 38490 
+.18599 


































-, 00001 





[VV] = «66182 
" «3 = τ. £ = (.13236)2 
= + 0.363813 
Men AAa -002118 
— 2» og 32 108000 


Mean Observed ^ 05? 32" 098882 +0236) 


Converted to Arc 83 02' 284230 +5760 


* Set 1 rejected since only 1 star within limits 
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time of 
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25" 30 
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22h. 
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TABLE XVI 


RADIO TIME SIGNALS 


OSU Farms Date: 6=7 August 1961 Freq. of sig. WW, 5 mc. 


Local Corr'n. Sending |Local 
Chron, to re- 
time of | duce to 
signal 
18h 
of S 
00,80 
01.81 
02.81 





55M 258878 10" 5680 A01 448151 
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TABLE XVI (Continued) 
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Sending 
time of 














11 02.42 4. 049 
42,047 

414, 044 
414,041 
444,058 
457.036 
424.033 
434.030 
434,027 
431.025 
45.022 
AH.Oll 
484.008 
4'1+0005 

484 ,003 

11 2064150000 
48=-,003 
48-.,011 
49-,014 

49 -. 016 
507.036 
50-.038 
50-.,041 
50-,044 
507.047 

oc = | 052 
507,055 

5 -,057 
51,060 





43.98|+ „038 
44 .99|+.036 
45.99H 033 
47 .00|+ «020 
48.001+.027 











































49.9914 .022 
o1.00]+.019 
902.00| 4,016 
04,00|4-,011 








Means 





40" 4880 113 205465 


Cease eet c ee ae Ta ee E A een 
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TABLE XVI (Continued) 
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SI 1456 9.4 

1462 De 
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S| 1477 4.5 
SI 705 4.0 
NI 733 5.9 
Ni 738 406 
S|1521 | 4,0 
NI 757 4.0 
S}1535 5.9 
N| 788 4.0 
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TABLE XVIII 


LONGITUDE STAR PROGRAM 
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3. DETERMINATION OF GEODETIC LATITUDE AND LONGITUDE 
3.1 - The Observations 


The observations were made with the DKM-3 number 65303 
(OSU 369215) by the method of all positions. The horizontal 
circle and optical micrometer were rotated eight times (159 
and 38", respectively, for each rotation), and two observa- 
tions were made on each face. Directions were sighted in om 
direction only, and the grid coordinates of the Astro Pillar, 
OSU Farms, were computed by the resection method outlined in 
Clark [5] p. 565. The observations were made under adverse 
conditions with temperatures ranging from -59F to 4 10% F, 
over a period of four days. An attempt was made to observe 
on several afternoons, but the lateral refraction was too 
great. 

The points used for targets were "Medary Ventilator" 
and West Stadium", as defined in [12]. Medary ventilator is 
located atop Medary School, 2500 Medary Street and is marked 
by a black and white striped vertical pole. West Stadium is 
marked by alead plug countersunk into the concrete roof of the 
southwest tower of the OSU Football Stadium. The third target 
station used was "Union Antenna", which coordinates were ob- 
tained from reference [6] in the Ohio state coordinate system 
and reduced to the Columbus city coordinate system. Union 
Antenna is the WCBE-TV antenna atop the Leveque~Lincoln Tower 
at 50 West Broad Street in downtown Columbus. This antenna 


is supported by a heavy steel structure painted red and white 
TW 





-— U -- > =m = æ a_l 
Ze DB . 1 1 1l 1 


19 





DATUM FROM TO DISTANCE (FT) BEARING 
800 Feet Asylum Brewery 20,257.80 S 54° 12! 37".75 E 
Correction - quae 


State datum (by city system) 20,256.68 S 54° 12: 37".75 E 
State datum (by state system) 20,256.67 3 53° 53! ho" .07 E 


Difference 0,01 09 18! 55",.68 cw 


Corrections to State System (30 ppm to sea level + 17 ppm 
scale factor) = -1.12 feet 


Using the preceding values, Mr. Watts computed the 
state coordinates of station "Bank" to be : X = 1,859,715.73, 
Y = 715,165.53. The line "Bank" back to "Asylum" was then 
computed in the state system and reduced to the 800 foot datum. 
Comparison with results of the original survey showed a mis- 
closure of 0.06 feet and 0".13, which is within the accuracy 
limits of my observations. 

The coordinates for station "Astro Pillar", OSU Farms 


were reduced to the state coordinate system as follows: 


DATUM FROM TO DISTANCE (FT) BEARING 
800 feet Astro 
Pillar Bank 1.64 0812018 S 37° 10! 04".53 E 


L 


38 ppm + scale factor 


(Sea level correction B 
10 ppm) - 0,90 - 07 181! 55",68 





18,883.28 ο 36% 511 08" ,85E 


it 


1,848,390.36 + 0.25 
730,275.60 + 0.25 


The resulting coordinates are: X 
n 


3.3 Computation of Geodetic Coordinates 


The computation in Table XX follows the format of refer- 





80 
ence [13] which includes all the tables necessary to complete 
the calculations. The final Geodetic Coordinates were deter- 
mined to be: 

Latitude = 409 00! 13".076 ^4 05002 (estimated) 

Longitude = 83° 021 29".287 + 0%002 (estimated) 
These geodetic coordinates refer to the North American 1927 
Datum, the Clark (1866) Ellipsoid, with origin at Meade!s 
Ranch: Latitude 399 13! 267686 North, Longitude 98% 321 


30% 506 West. 








81 


TABLE XIX 
Computation of Grid Coordinates of Astro-Plllar 


Y 99 907. 553 113 993. 689 | 


1} 086.136 


99 185.1 οἱ 283.839 98 880.16 
- 5 201.316 -1,596 .626 





M 
Medary Ventilator 
118 932.302 














ANGLE ο ! 5 | Sine 
Bg. MS = arctan (1.074 39957) = h7 03 1h.6 .7319 9681 
Bg. AS = arctan (2.708 18693) = 69 43 59.9 .9380 90h\ 
MSA = (Bg. MS + ‚Be- 45) = 116 47 14.5 - 

c = (3609 - MSA) 243 12 15.5 - 

a = πάθη observed value = 31 10 30.5 .5176 5582 
b= mean observed value = 13 46 10.6 .6917 6027 
a +b + c = 318 09 26.6 - 

k = (u* V),- [3609 - (a*b*c)] 11 50 33.h .6670 8670 
ü = ocotan l [27 016: 84576) 26 22 23.9 4442 1782 
v= (x -u) = 15 28 09.5 .2667 2211 
Bg. MP = (Bg. MS =u) = 20 hO 50.7 3531 605) 
Bg. AP - (Bg. A3 - V) z 54 15 50.4 .8117 1672 
(a x = 57 32 Shel o 4541 
(ot. Vy s : 59 1h οδο ο ο, 
Bg. SP = [ASP - (90° + Bg. SA)] 10 29 39.8 1821 392l 
Sides 

MS = 6,746.767 feet AS = 15,015,755 feet 

By law of sines: 

SP = 5789.627 feet MP 2,10998,096 feet AP = 18652.63 


i feet 


ὃ... 
115 048.208 - 
= 88 591.059 
| 115 0ἱ8. 208. 
Ίου tiie a de === === — a _88 591. 056 — 
sin (Bg.SP) = + 1 05%. 518 | 115 re 
Cos (Bg.SP) = - 5 692.782 88 591. 07 


Mean (loge SyAUBH) : Y s 115 018.208 o X= 88: 591. 057 
(State System); Y = 730 275.60 1 848 390.36 
























+15 10.655 
-10 894.096 


~ 3 881.094 | 
210 289. 1109 


AP sin (Bg.AP) 
Cos (Bg.AP) 
sin (Bg.MP) 
cos (Bg.MP) 













TABLE XX BE 


Computation of Geodetic Coordinates 


C = value of X for Central Meridian = 2,000,000.00 feet 
Rp = constant for zone (Ohio south) = 26,027,071.12 feet 
6 = mapping angle for the longitude of the station 
R = radius for the latitude of the station = * cos 9 
Doo for zone (Ohio south) = .63451 “95839 
o € 
= Central Meridian of zone - ΔΑ 
a Meridian of zone (Ohio south) = 82° 30: 001000 
TAN © = (X =- C) + (Rp ~ Y) 
AR = computed R - tabulated R (nearest minute) 
R = tabular difference for 1 second of latitude = 
101.18850 feet 


> 
T 
il 


000 00^ P 26 027 072» 12 

1 848 390,36 730 275.60 

- 151 con: 6l 25 296 795.52 
~.00599 32350 - 123611786 
2 194822212. 

«99998 204.09 -00 321 281212 


25 297 249.83 ° n 
SB 556 Gab he 82 301 00'1000 
1 382.63 


13.66). 
1100 00t 13766) | 839 02120422 





Geodetic Coordinates: 


Latitude: 100 00! 13266) 
Longitude: 830 021 281212 





83 


TABLE XXI 
Theodolite Observations: January 1962 
Observers Lt. Bennett Recorders Mrs. Bennett 
Station:  Astro-Pillar, OSU Farms Instruments  DKMe3 #65303 


Set | Medary Diff West Diff, Union Residual 
Date [Pace Ventilator|31 10| Stadium {43 45 
T emp O 1 " ο " O q "n ο t 

23 53 












1 R 53.5 31 34 17.81 65.1 
UO IL 28.0| 64,5 
a5 OF L 55,4 

R 68,4 

2 R 

L 
i 

| R 

3 R 
Ea | L 

ant 

4 R 

E 
H 
_ | RJI1$ 

5 R 
1/13 E 
+32 F| b 

R 


£ al 

¡== 

Ην 
arene eM vitae μι y 


Sum 976.7 2258.5 
Mean 3005 τους 
a = 319 10! 2085 b = 43° 46: 1036 


at b= 74° 56' 411,1 M, = + 0996 Mp = + 1786 





ı. THE DEFLECTION, OF THE VERTICAL 


The component of the deflection of the vertical in 
the meridian (f£ ) is obtained as follows: 


a 


Astro Latitude =- Geodetic Latitude 


Ι09 00! 135.101 - ΠΟΘ 00! 13",076 


TOI ED 
The component of the deflection of the vertical in the 


prime vertical (/ ) is obtained as follows: 


1 


(Astro Longitude - Geodetic Longitude) cos Q 
(839 02! 28".230 - 83? o2! 29",287) cos ) 
(= 01".057) cos 0 = 0".806 


Where: cos Y = 0.7660) 
The accuracy of these deflection components is limited by 
the accuracy of the astronomic latitude and longitude: 
Latitude probable error = + O%146 ; standard error = 
+ 09216 
Longitude probable error = + 31683 ; standard error = 
+ 52460 
The final values for the components of the deflection are 
thus found to be (within the limits defined by the 
accuracy of the astronomic coordinates): 
Ë = + 0" 225 +0 € 216 
N = - O 806+ 4° 182 


— πο 


Sl 
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